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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM
for the

Bureau of Aeronautics, Department of the Navy

WIND-TUNNEL INVESTIGATION AT LOW SPEED OF THE ROLLING
STABILITY DERIVATIVES OF A l/lO-SCALE MODEL

OF THE DOUGLAS A4D-1 ATRPLANE

TED NO. NACA DE 389

By Walter D. Wolhart and H. S. Fletcher

SUMMARY

An experimental investigation has been made in the Langley stability
tunnel to determine the low-speed rolling stability derivatives of a
1/10-scale model of the Douglas A4D-1 airplane. The model was tested in
clean and landing configurations with horizontal and vertical tails on
and off. The effect of removing the horizontal tail was determined for
one of the clean configurations. The effects of external wing stores
were determined for one complete clean configuration, one complete landing
configuration, and one landing configuration with horizontal and vertical
tails off. Also included in the investigation were the effects of slats
and flaps on the derivatives of the wing alone. These data are presented
without analysis in order to expedite distribution.

INTRODUCTION

An important design objective in the development of any airplane is
the attainment of acceptable dynamic-flight characteristies. Previous
experience has indicated that reliable prediction of the dynamie-flight
characteristics for a wide angle-of-attack range requires more accurate
estimates of the various aerodynamic parameters than is possible with
the use of available procedures. (See refs. 1 and 2, for example.)

The purpose of the present investigation was to determine the
rolling stability derivatives of a l/lO-scale model of the Douglas
A4D-1 airplane over a wide angle-of-attack range from a series of low-
speed tests in the Langley stability tunnel. These tests were made at
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the request of the Bureau of Aeronautics, Department of the Navy, to
aid in the development of the Douglas A4D-1 airplane. The results of
previous investigations to determine the static lateral and longitudinal
stability derivatives and the yawing stability derivatives of the same
model are given in references 3 and 4, respectively.
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SYMBOLS

The data presented herein are in the form of standard NACA coeffi-
cients of forces and moments which are referred to the stability system
of axes with the origin at the center of gravity. The positive direc-
tion of forces, moments, and angular displacements is shown in figure 1.
The coefficients and symbols are defined as follows:

L 1lift, 1b

r drag, 1lb

Y side force, 1b

M pitching moments, ft-1b

L' rolling moment, ft-1b

N yawing moment, ft-1b

b span, ft

S area, sq ft

c chord, measured parallel to plane of symmetry, ft
b/2

c mean aerodynamic chord, %L/\ c2dy
0

Yy spanwise distance from and perpendicular to plane of

symmetry, ft

a free-stream dynamic pressure, pVe/2, 1b/sq ft

\ free-stream velocity, ft/sec

o mass density of air, slugs/cu ft

a angle of attack of fuselage reference line, deg
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flight-path angle, deg
angle of roll, radians

angle of incidence of horizontal tail
fuselage reference line, deg

flap deflection, deg

angle of sideslip, deg

angle of yaw, deg

lateral-force coefficient, Y/qS,

rolling-moment coefficient, L'/qSyby

yawing-moment coefficient, N/qSyby

PP
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with respect to

rolling-angular-velocity parameter, radians

rolling-angular velocity, d@/dt, radians/sec

and ACnp tare increments due to support strut (to be
subtracted from basic data)

wing

wing slats, fully opened

split flaps, de%
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c closed landing-gear fairings

For convenience, the model components are denoted by the following
symbols:

W wing (when used with subscript s and f denotes slats
open and flaps deflected, respectively)

F ducted fuselage (including canopy)
\' vertical tail
G landing gear down (when used with subscript c denotes

landing gear up and closed landing-gear fairings)
E two pylon-mounted external stores

H- horizontal taill
APPARATUS AND MODELS

The tests of the present investigation were made in the 6-foot-
diameter rolling-flow test section of the Langley stability tunnel in
which rolling flight is simulated by rolling the airstream about a sta-
tionary model (ref. 5). Forces and moments on the model were obtained
with the model mounted on a single strut support which was in turn
fastened to a conventional six-component balance system.

The model used in this investigation was a 1/10-scale model of the
Douglas A4D-1 airplane. Pertinent geometric characteristies of the
model are given in figure 2 and table I. Photographs of two of the con-
figurations tested are presented in figure 3. The wing, ducted fuselage,
tail surfaces, and external wing stores were constructed primarily of
laminated mahogany, although the wing and tail surfaces were built up
from a 1/k-inch-thick aluminum-alloy core which provided additional
stiffness and metal trailing edges. The plain split flaps and landing-
gear doors were made from l/l6-inch—thick aluminum sheet and the landing
struts were made from brass tubing. The wing leading-edge slats were
cast from brass and simulated either a fully opened or fully closed slat
position.
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TESTS

A1l the tests were made at a dynamic pressure of 24.9 pounds per
square foot which corresponds to a Mach number of about 0.13 and a

Reynolds number of 0.99 X 100 based on the wing mean aerodynamic chord
of 1.06 feet. Tne angle-or-attack range for all tests was from approxi-
mately -4° to 28°. Tests were made at values of pb/2V of -0.06k,
-0.042, -0.024, 0, 0.007, 0.029, and 0.056. The various model configu-
rations investigated are shown in table IT.

CORRECTIONS

Approximate corrections for jet-boundary effects were applied to
the angle of attack by the methods of reference 6. Blockage corrections
were determined and applied to the dynamic pressure by the methods of
reference 7. These data are not corrected for the effects of the support
strut since these effects were determined for only one complete clean
and one complete landing configuration. The tares for these two con-
figurations are presented and, if applied, are to be subtracted from
the basic data.

PRESENTATION OF RESULTS

The results of this investigation are presented in figures 4 to 8.
For convenience in locating desired information, a summary of the con-
figurations investigated as well as the figures that give data for these
configurations is given in table ITII. These data are presented without
analysis in order to expedite distribution.

Langley Aeronautical laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., September 17, 1954.
S 'Y llon . Wrthar”

alter D. Wolhart
Aeronautical Research Scientist

clisr’
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M% E Aeronautical Research Scientist

——'W“

Approved:
ﬁ(_ omas A. Harris
Chief of Stability Research Division
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TABLE I.- GEOMETRIC CHARACTERISTICS OF 1/10-SCALE MODEL OF

THE DOUGLAS A4D-1 ATRPLANE

Wing:
Aspect ratio « . . ¢ . . L L. e e s e e vl e e s e e .
Taper ratio . « « « « - ¢ o 4 L e h s e e i e o e e

Quarter-chord sweep angle, 388 « «. « + « + « + & s + o o ..
Dihedral angle (trailing edge), deg . . « « + « « « = o « « &
Geometric twist, deg . . . . . . . . . e .. e .

e e 2.91
c e e e 0.226
..... . . 3321
e e e e e 2.67
....... 0

Incidence at root chord (parallel to fuselaze reference line) deg . . . . .

Adrfoil section (parallel to fuselage reference line):

Root . . . . .. . T R
TIP ¢ ¢ ¢ ¢ o 4 e . o e s e e s . “ e e e s e e
Chord (parallel to fuselage reference line)
ROOt, £t v o v v v v o v u s
'I‘ip,ft......................,
Area, sqft .. .. ... .. e e e s e e e s e
Span, £t o 4 4 v v e e e e ...
Meanaerodynamicchon’l,ft..................

Horizontal tail:
Aspect ratio . . . . . . . . . .

Taper ratio . . . . . . . .
Qua.rterchordsweepa.ngle,deg P
Dihedral angle, deg . . . . PR .

Airfoil section (parallel to hmelage reference 11ne)

ROOt . & & ¢ v ¢ 6 ¢ v v 4 v ¢ v o s 0= .
T™p .« ¢ v ¢ o & . e e e « s e s s e s »
Chord (parallel to t‘uselage reference line)

ROOb, FH & o o o o o o o a o o o o s o o s o o o a o s s o
TiD, £t o v o 4 v e e e . s
Area, 8@ ft . ¢ v ¢ 0 v v h e e e e e e e e e e e e e e e e
o < WA
Mean aerodypamic chord, ft . . . . . . .

Tail length, distance from c.g. to c/% of tail, ...

Vertical tail:

Aspect ratio . . . . . . . o . 0 .00,
Taperratio.................. ..... .o
Quarter-chord sweep angle, deg . « « « « « = ¢ o o s o + « o &
Adirfoil gection (parallel to fuselage reference 1ine)

Root . . . . .
T™p . . .

Chord (parallel to mselage reference line)
Root {measured 1.96 inches above i‘usela.ge reference line), £t

Tip, £ . . ¢« v ¢ v v o 0o ... c e e e e e e e .
Area, Bg ft . . . . . . . . .
Span, £t . . . . B T T T

Mean aerodypamic chord, ft e e . P
Tail length,-distance from c.g-. to c/l. of tail, ft

.
.

Fuselage:

Maximum width, £t . . . . . . . . . . .
Ma.xixmnndepth,ft......................
length, £t . . . e e e e

Cross-sectional area of duct
Inlet (both sides), 8Q £t « ¢ v « ¢ ¢ & v v o o o o o o . .

. NACA 0005 (mod.

P . 6 5.
e e e e s . 0466
..... . . 1.607

e e e e e .. L.24
e e v e .. . 0195
e e e e e .. 42,00

. NACA 0007 (mod.)
. NACA 000k (mod.)

e e e e . . 1.069
e e e . .. . 0.208
e e e o . . 0.500
D o P (<
..... . . 0.738
....... 1.420

e e e e e .. 0.533
e e e e e . . 0.500

e e e . . .. 3.703
e e e e .. 0.0343

Bxdt, sqft . . . . e e e i e e e e i e e e e e e e e e e e e e e 0.0179
Lift-increasing devices -
Wing flaps:
Type . e e e e e e S kR 4
Maximmdeflection,deg.........................50.00
Actual span (one side), £t . . . . . . . e e e e e e e 0.592

Chord (parallel to fuselage reference line) ft .. ..
Wing leading-edge slats:
Slat rotation about hinge line for fully opened position, deg

e s e . e . . 0.208

. . . 24,00

Actual span (perpendicular to fuselage reference line) (one aide), ft . . 0.750

Chord (parallel to fuselage reference line)
Root, Pt . « & v v ¢ ¢ & v = o o 4 e e s e e e e s e
Tip, £t . . « . « ¢« o o . s e e e e e e e e s s e e s

e e ... 0a8
e e e e . .. 0.087

el
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TABLE II.- CONFIGURATIONS INVESTIGATED

Clean configuration
Components Landing Slats of 1t Stores
gear deg deg
WFG.VH Up Closed 0 0 off
WFG. VHE Up Closed 0 0 On
W FG,VH Up Open 0 -4 orf
WFGV Up Closed 0 -—- off
WFGe Up Closed 0 -—- off
WgFGe Up Open 0 - off
W S Closed 0 ——- -—-
Wg -——— Open 0 -——— ---
Landing configuration
e -

WeFGVH Down Closed 50 -12 , off
WefFGVH Down Open 50 -12 off
WseFGVHE Down Open 50 -12- On
WrFG Down Closed 50 -—- off
WsfFG Down Open 50 -—- orf
WsfFGE Down Open 50 -——- On
We ———— Closed 50 --- -
Wge -— Open 50 - ---
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TABLE III.- SUMMARY
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CONFIGURATIONS TESTED AND DATA PRESENTED

Medel configuration Data presented Figure
WFGeVH, i = O° Effect of high 1ift devices
WFGV on complete configurations.
W FGoVH, 1t = _4° Cyp, Cnp, and Clp plotted L
WeFGVH, 1y = -12° against a.
WeeFGVH, 1y = -12°
WFGCVHE, 1t = O° Effect of wing stores on a
WorFGVHE, i+ = -12° complete clean configura-
sf » Tt tion, a complete landing con-
WsrFGE figuration, and a landing 5
configuration with the tails
off. CYP’ Cnp, and Clp
plotted against a.
L]
WFGea Effect of high 1ift devices on
WeFGe tailless configurations. 6
’ C a ¢ lotted
WeFG Ctps Cnp> and Gy P
Wg pFG against «.
W Effect of high 1ift devices
Wg on wing alone. CYP, Cnp, 7
We and Czp plotted against a.
Wsp
WFGeVH, iy = O° Tare increments due to the sup-
WepFGVH, it = _12° port strut for a complete
s clean and a complete landing 8
configuration. ACYP, ACnp,
and ACZP plotted against «.
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Azimuth ref plane

7
Horizontal ref plane

Figure 1l.- Stability system of axes. Arrows indicate positive (?.ix.'ection
of forces, moments, angular displacegents, and angular velocities.
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(a) Side view of complete clean configuration; WFG.VH, 1, = 0°.

Y
o
L‘8)+639 .

(b) Side view of complete landing configuration; WgpFGVH, iy = -129.

Figure 3.- Photographs of two of the configurations tested.
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o WFGVH , iy = 0°
O WeFGVH, iy =-4°
S O W FGVH, § =-12°

. & Wy FGVH, Gy ==12°
N WFG.V

16 20 24 28
Angle of attack, CC, deg

Figure 4.- Effect of horizontal tail and high 1ift devices on the rolling
stability derivatives of the complete model.
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4 g 12 16 20 24

Angle of atfack, C, deg

Figure 5.- Effect of wing stores on the rolling stability derivatives of
a complete clean configuration, a complete landing configuration, and
a landing configuration with the tails off.




NACA RM SL54I29

Angle of attack, CC, deg

ft devices on the rolling stebility deriva-

Effect of high 1i

Figure 6

tives of configurations with horizontal and vertical tails off.
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